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1,-RibofuranoByl llucl»o»id«« 

This invention relates to L-ribofuranosyl nucleosides and 
intermediate or derivatives thereof useful in the synthesis of such 
nucleosides, processes for their preparation, pharmaceutical 
compositions containing such, and methods of using such compounds to 
treat various diseases, particularly cancer, in mammals. 

Perigaud. C. et al, Nir1fo-?i^P^ And Nlirlmides . 11(2-4). 903 945 
,1992) provide a useful overview of the current state of the art 
relating to the use of nucleosides and/or nucleotides « 
chemotherapeutic agents (including use as anticancer, antiviral and 
antibacterial agents) . As described in this review 
te^ -nucleoside(s)' relates to naturally- occurring nucleosides 
which are distinguished depending on the base, for example, adenine 
and guanine (A and G. respectively) have a purine base^ whereas 
cytosine. uracil, thymine and hypoxanthine (C. U. T and H. 
respectively) have a pyrimidine base. 

Nagasawa. N.. et al . . n Or., Ch.IT,. . 32. 251-252 (1967). describe 
the production of certain D-ribopyranosyl nucleosides (particularly 
9- (2 • -Deoxy-P -D-ribopyranosyl) adenosine) . 

Fucik. v.. et al.. l^V-^^^r firj^. Resea^TCh. Vol. 1. No. 4 (1974) 639- 
644 describe structural effects of chemical modification upon the 
affinity of purine nucleosides to cytidine- transport system m 
Baciiius suJbciiis using a series of modified derivatives including 
certain ribopyranosyl nucleosides. 

Baud. K.V.. et al . . Tfrrflhf'IrPn Letters, vol. 31. No. 31, pp. 4437- 
4440 (1990), describes the synthesis of certain 2"- 
deoxyribonucleoside compounds starting from available sugars (2- 
deoxyribofuranosyl or pyranosyl) . The compounds described in this 

paper are all D-isomers. 

Spadari, S.. et al . ^ Chem.. 35. pp. 4214-4220 (1992). 

describes certain L-p-nucleosides useful for treating viral 
infections including Herpes Simples Virus Type I. 
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Holy. A., Knrleic Ari H Ph^mistrv. Vol. 1, 347-353 (1978). describes 
the synchesis of 2 * -deoxy-L-uridine . 

WO 92/08727 describes certain 2 ' -L-desoxyuridines and their use for 
treating viruses. 

As is well known, sugars found in natural nucleic acids are D-ribose 
and D-deoxyribose in almost all cases. Much research has been done 
to investigate the chemical and biological activities of the D- 
isomers of ribonucleotides and ribonucleosides , however, far less 
work has been done with the L-isomers. This is primarily due to the 
fact that the synthesis of the L-isomers is much more difficult, 
often involving the optical resolution of the D, L-isomers of 
nucleosides with the aid of microorganisms and enzymes. (See 
generally. Asai, M. . et al . , rh^m, Pharm. Bull.. 15(12). 1863-1870 
(1967).) The known activity of D-nucleoside compounds, and the 
successful commercialization of several of such D-sugar-nucleoside 
compounds, (see Perigaud. C, et al . . supra, for a discussion cf D- 
nucleoside analogs which have gained commercial acceptance) led in- 
part to the present work relating to the L-isomers of certain 
nucleoside analogs. 

Perhaps the best known commercial nucleobase analog is 5- 
fluorouracil (5-FU) the structure of which is shown below: 

H 

I 

^0 



rr 



O 
(5-FU) 

5-FU is commercially available from Roche and is one of the most 
commonly used drugs for treating certain types of cancer. The high 
acceptance of this drug is due in part to its extreme cytotoxic 
effects. However, it also has a narrow margin of safety and is, 
therefore, associated with many serious side effects including, for 
example, nausea, vomiting, diarrhea, alopecia, leukopenia, 
thrombocytopenia, etc. Additionally. 5-FU is primarily used in an 
intravenous formulation . 
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5-FU is currently dosed at short intervals due to the damage it does 
to normal cells. The patient is taken off chemotherapy for a time 
to allow recovery from the cytotoxic effects of the treatment. It 
is contemplated that if a drug is developed that is less cytotoxic 
to healthy cells it would no longer be necessary to treat the 
patient in periodic intervals, which may be associated with the 
development of multiple drug resistance often exhibited in treated 
cancer cells. Specifically, as a tumor is being killed the cells 
that are most resistant to the drug die slower and, therefore, when 
the treatment is stopped (often because of the toxicity to normal 
cells) the more resistant tumor cells are left to multiply. 

A significant commercial nucleoside analog is azidothymidine (AZT) , 
commercially available as Retrovir from Burroughs Wellcome. AZT, a 
p-D-deoxy-ribofuranosyl derivative of the formula: 



CH3 



0" N' 

N3 

(AZT) 

is useful as an antiviral agent, particularly against the virus 
responsible for the Acquired Immune Deficiency Syndrome (AIDS) . 

This compound, like 5-FU, is associated with a number of undesirable 
side effects including hematologic toxicity such as granulocytopenia 
and/ or severe anemia. 

Without intending to be limited, applicants believe that the L- 
nucleoside compounds as claimed in the present invention may be 
beneficial over compounds such as 5-FU and AZT since it is believed 
that L-nucleosides (as claimed) exhibit selective permeability to 
compromised cells. By compromised cells we mean cells such as 
cancer cells or other infected cells, whether the infection is 
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bacterial, fungal, viral or parasitic. It is believed that the L- 
nucleosides of the present invention may be tramsported into or 
permeate these compromised cells, whereas in normal cells the L- 
nucleosides would not permeate. (See for example, Lin, T.S., et 
al.. Abstract entitled "Synthesis and Biological Evaluation of 
2 3 * -Dideoxy-L-Pyrimidine Nucleosides as Potential Antiviral Agents 
against HIV and HBVr published J. Med. Chem. . 21 (1994) 798-803; and 
Spadari, S., et al . , J, Med. Chem.. 11 (1992 ) .4214-4220 . ) 
Therefore, to the extent these L-nucleosides are selective for 
compromised cells, they are less harmful to normal cells th£ui 
compounds like 5-FU. 

In addition to this concept of selective permeability, in viral- 
infected cells where therapeutic compounds often have an inhibitory ^ 
mechanism related to the RNA of the cell, it is contemplated that 
the enzymes of such viral -infected cells may be less specific than 
in a normal cell and. therefore, if you can permeate the cell with 
an L-nucleoside . a more primitive enzyme such as an organic 
phosphorylases, kinases or thymidilate synthase may recognize the 
compound in such a way as to cause inhibition. 

Therefore, although certain nucleoside analogs and/or nucleobase 
analogs have been commercialized for indications such as cancer 
and/cr AIDs treatment, there is a need for a nucleoside analog which 
is perhaps as cytotoxic as 5-FU or is less cytotoxic but more 
specific than 5-FU for cancer therapy and/or a compound which is 
more effective and/ or better tolerated than A2T for treatment of 
viruses . 

The present invention relates to a novel group of such L- 
ribofuranosyl nucleosides which have interesting activity as 
anticancer, antiviral, antiparasitic, antifungal, emtibacterial 
and/or antimicrobial agents. These compounds are generally water 
soluble, which suggests that oral deliver may be achieved, and the 
activity of these compounds may be more selective for compromised 
cells as compared to normal cells. 
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There is provided by this invention ribofuranosyl nucleoside 
compo'jnds having the formula (I): 




0) 

or a pharmaceutically acceptable salt thereof, wherein: 
B is a naturally-occurring nucleobase (A. G. C. U. 
h^'poxanthine or T) or a modified base comprising one or more 
substi-u-icr.s selected from the group consisting of h. 
halooer,. Ci-C6 alkyl. C2-C6 alkenyl. C1-C6 alkoxy. C2-C6 
cyc-oa-ky- -C1-C6 alkojry. C3-C8 cycloalkyloxy , C3-ce 
cy-ioalkylthio. C1-C6 alkylthio, a substituted amino group, an 
a-yl aralkyl. aryloxy, aralkoxy, arylthio. aralkylthio, a 
heterocyclic ring and an a:r.inc group, provided that when the 
base is a pyrimidine . the atom at position 4 in the base can 
be sulfur, and that when the base is a purine, the atom at 
position 6 in the base may be sulfur; 

R ^= K C''-- P(C)-R.R- or SO,H (wherein Rj is alkyl of 1-5 
carb-n' atoms cr an aromatic ring structure. R, and R: are each 
H or alkyl of 1-5 carbon atoms and n is 2 or 3) ; 

R. and R- are independently H. halogen, mono- cr di-diflurc. OR, 

B (Wherein R^ is H. COR,. P(0)^,cRi: (wherein R, is K,. 
substituted or unsubstituted alkyl of 1-5 carbon atoms or a 
substituted or unsubstituted aromatic ring structure. R,, and 
R are each H or alkyl of 1-5 carbon atoms and m is 2 or 3)). 
provided that when R^ is OK, R, and B can combine to form a 5- 
meirbered cyclic ring structure; 

R. and R. are independently B. H or OR^: (where R;; is K. COR;;.. 
P10)-R.«R . (wherein R^:. is substituted or unsubstituted alkyl of 
1-5 carbcn atoms or a substituted or unsubstituted aromatic 
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ring structure. and R;i are each H or alkyl of C1-C5 carbon 
atoms and p is 2 or 3)), provided that: 

only one of R:-R4 can be B; 

when R=H. R:=OH. R2=H, Rj^H and R4=B, then B cannot be U. 
T, 5-nJ, hypoxanthine. A, or G; 

when R=:H, R:=OH, RjsOH, R3=B and R4=H, then B cannot be C; 

when R=H, Ri=OH. R2=0H, R3=H and R4=B, then B cannot be 5- 
FU, C, U, A or hypoxan thine; 

when R=H, R:=OH, R:=H. R^-B and R4=H. then B cannot be 5- 
FU, A. C, G, T, U or hypoxem thine ; 

wher. R=H, R:=H. R:=H. R3=E and R4=K. then B cannot be A, G, 
G. U. or h^poxanthine ; and 

when R=K, R:=H. R:=H, Rj=H and R;=B. then B cannot be A. 
G. T, U, cr hypoxanthine . 

Preferred ccr.p rounds of the present invention include those' compounds 
of fcrr-lc (I ; whereir. : 

?. cr is 5 ar.d the other is such that when Rj is B the 
series is a and when R< is B, the series is P; 

B is C. T, U. G, I, A, 5-fluorouracil , 6- thioguanine or 4- 
thicuracil ; 

F. is H; and 

R;-R; are each K or OH, or when R. is OH, R^ and B combine to 
forr: a f ive-meinbered cyclic ring. 

Specifically preferred compoxinds of the present invention are the 
following : a-L-ribof uranosyluracil ; 1- (2 , 3, S-tri-.O-benzoyl-o-L- 
ribcf uranosyl ) -4-thiouracil ; a-L-ribof uranosyl-4-thiouracil ; 1- (2 , 5- 
di-0-ben2oyl-2-deoxy-P-L-ribofuranosyll -4-thiouracil ; 2 ' -p-L- 
decx:,-ribcf urar.csyi-4-thicuracil : a-L-ribcf uranosyl -5- fluorouracil ; 
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li-L-ribofuranosyl guanine; p-L-ribofuranosyl-6-thioguanine and 
phannaceutically acceptable salts thereof. 

Also provided by this invention are processes for the preparation of 
the coTT^ounds of formula (I), phan^ceutical coH5>ositions containing 
the confounds of fonnula ID and methods of using the co».pounds of 
fonnula (I) for the treatment of cancer in a »aanal. as well as 
tnethods of using the compounds of fonnula (1) as «tivxrals. 
"tiparasitics. antibacterials. antifungals and ant«acrobaal agents 

in ft maininal . 

Sn^nt invention describes a series of L-ribofuranosyl 
nucleosides useful for treating various diseases ^-^^"^"^/-"^ 
and certain viruses) . Compounds of this invention may be orally 
active based on their water solubility. 

The compounds of this invention wherein the nucleoside has a 
pyrimidine base (U. T, C or substituted pyrimidine base) which is 
linked to the ribofuranosyl sugar via P linkage (B is m a 
compound of Formula {!)) can be made by the general Scheme 1. 

SCHEME I 

General procedure to make p-L-ribofuranosyl pyrimidines : 

1. HMDOTSiMt^/ 
yOBzBzo'^^j. + Base SnCWCHsCN ^ 
BzO— 'M J 2.NI^/MeOH ' 'Base 





TO a mixture of i.o-acetyl-2.3,5.tri-0-benzoyl->-L.ribofuranose (1 
mol) and pyrimidine base (1 mol) in anhydrous MeCN are successively 
added HMDS (1 mol). ClSiMe, (0.8 mol) and SnCK (1.2 mol). The 
resuming clear solution is refluxed for 1 hour when TLC indicates 
completion of the reaction. The solvent is evaporated and the 
residue dissolved in EtOAc, washed with NaHCO, «.d H,0. The EtOAc 
layer is dried, filtered and evaporated to give the crude product, 
which is either ciystallized or purified on a silica gel column to 
obtain the pure 2 , 3 . S-tri-O-benzoyl-^-L-ribofuranosyl pyrimidine 
compounds. These compo'unds are stirred with KH,/«eOH to give pure 
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p-L-ribofuranosyl pyrimidines after purification and 
crystallization. 

A wore detailed schematic for p-linked pyrimidine compounds within 
the scope of the present invention is shown in Scheme I-A. 

SCHEME I-A 



L-Rfljose l.MeOH/HiS04. 
2.B2CVPZ 



e IJIBl/HOAc/HO 




OAc 



OSiMe 



2* 



N 




TMSOTf 



I IJ ClGHzCHjCl 

MejSiO-'^N' 





HMDS/ClSiM^ 
SnCWCHaCN 




NHA£ 



N 




2+1 \ HMDS/ClSiM^ 



HO- 




NHVMeOH 





7 toAc 8 
The compounds of this invention wherein the nucleoside has a purine 
base (A. I, G or substituted purine base such as thio-G) which is 
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linked to the ribofuranosyl sugar via P linkage (B is R« in a 
compound of Formula (I)) can be made by the general scheme II below, 

SCHEME II 

General procedure to make p-L-ribo£uranosyl purines: 

SUylated 1. TMSOIt/aa^CHiCl^ 





Base 



A mixture of purine base (2 mol) and {HHJ,SO, (catalytic mount) in 
HMDS is refluxed until the solution becomes clear. The resulting 
clear solution is concentrated to yield silylated base to which 
aiihydrous dichloroethane is added and the solution is cooled to 0»C. 
under nitrogen atmosphere a solution of l-O-aceryl-2 . 3 . 5-tri-O- 
benzoyl-p-L-rib=furanose in dichloroethane (1 mol) and IMSOTf (2.1 
mol) are added to the above solution and stirred at room temperature 
for 16 hours. The reaction is quenched with saturated NaHCOj 
solution and the solvent is evaporated. The residue is dissolved in 
EtOAc. washed with water and brine. After drying and evaporating 
the solvent, the residue obtained is separated on a silica gel 
colu:rn to give pure 2 , 3 . 5-tri-O-benzoyl-p-L-ribofuranosyl purines, 
which after stirring with NK,/MeOH and usual purification give pure 
p-L-ribof uranosyl purines. 

A more detailed schematic for the synthesis of ^-linked purine 
compounds within the scope of the present invention is provided in 
Scheme II -A. 
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SCHEME 1 1 -A 



'X il"'? TMSOTf/ . 

+ |l Jl J aCHjCHaCL 



SiMe3 




» 



2.MeOl 



iME/NH3/8( 
leOHyNHa 



HSCH2CH2OIV 

NaOMW 

MeOH 




N ^ .NH 



11 




N 'l"^ 



10 



N 



N TMSOTf/ 
aCHjCHiQ 



N N NHAc 



iMc) 




NaOMe 
MeOH 
SHCH2CH20H> 



N 1^ 



12 



1. Hiiourca/EtOH 

2. NH3/MeOH 



\ 



13 T 



14 



T 
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The erompounds of this ii>v.ntion wh.r.ln th. nucLoside tol « 

ITSio-Ul «M=h is linked to th. rib=fur»o.yl .u,.r vx. . I..*..? 
°B !s in . compound o£ Tormul. (Ill c« be «de by the ,.n.r.l 

Scheme III below. 

SCHEME III 

General procedure to »ake .-L-ribofuranosyl pyrimidines: 



Base 




/°\-^SPb SUylated 1. NBS/M.S.4A/CH2a2, . 
KoBpBaO^ + Base 2. H2/P4/QEtOH 

A TT^xture of pyri:nidine base (2 mol) in HMDS and axnmonium sulfate 
'cata ytic a.ou.U is refluxed until the solution beco.es clear. 
The resultinn clear solution is concentrated in vacuo to yield 
--tea baie. .o ^^^^^^Z^:^^:^ 
^rSircrr^i^r^:'^: ,1.1.0. are added, .he — 
Ix'ure is stirred at roo:. temperature overnight and quenched wath 
rdd^t on c, .a.S.O. solution. The organic layer is washed w.th water 

and dried over Na,SO.. Evaporation of the -^^ent «.ves th, 
crude product which is purified on a silica gel colun« ^o obtain 
pure 2.3.5-tri-0-benzyl-.-L-ribofuranosyl pyrimidines. These 
compounds are subjected to H,/Pd/C reduction. ^^^^^^^^^ 
purification and crystallization to give pure -L-rxbof uranosyl 

pyrimidines . 

. „cr. deteiled .che^etic for th. .ynth..i. of -^f^'^^^^^f ^^l. 
withir. th. .cop. of th. pr...nt invention « provided in S=h«.. Ill 

A. 
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The compounds of this invention wherein the nucleoside has a purine 
base which is linked to the ribofuranosyl sugar via fl linkage (B is 
Rj in a compound of formula (I)) and only one of or Rj is OH, or 
where is OH and combines with B to form a cyclic ring structure, 
can be made by the general Scheme IV below. 
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SCHEME IV 

General procedure to make p-L-2 ' -Deoxyribofuranosyl purines: 



\,0(p-Tol) 



Silylated 
+ Base 



p-TolC 



1. Naiyg^CN 

2. NH^McOH 




Base 



A mixture of purine base (2 mol) and NaH (2.2 aol) xs starred xn 
anhydrous CH,CN under nitrogen atmosphere at rocan temperature for 30 
l-Chloro-2-deoxy-3.5-di-0-p-toluoyl-.-L-pentofuranose xs added 

to the reaction mixture and stirred for 2 hours. The reaction 
n>ixture is diluted with CHCl, and filtered through Celite*. The 
filtrate is concentrated, redissolved in EtOAc and washed with water 
and brine. After drying and evaporating the solvent, the residue 
obtained is purified on a silica gel column to give pure 2 ' -deoxy- 
3 5-di-O-p-toluoyl-P-L-ribofuranosyl purines. These compounds are 
treated with Nn,/MeOK and then purified and crystallized to give 
pure p-L-2 --desx^'ribofuranosyl purines. 

A detailed scheiratic for similar fl-linked deoxy-ribofuranosyl having 
pyrimidine bases is shovr^ in Scheme IV-A. 
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SCHEME IV-A 




NH3/MeOH 
lOO^C 




NHj 
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The con5,ounds of this invention comprising .-L-2'deoxy ribofuranosyl 
pyri^nidines and purines (including 5-ru analogs of such) '^J-^^-^^ 
in scheme V, whereas Scheme V-A shows methods for making ^-linked L- 

2 '-deoxy-ribofuranosyl compounds. 

SCHD5E V 

General procedure to make .-1,-2 -doexyribof uranosyl pyrimidines and 

purines : 

.0 BP.C 



k 7 I j-<ucaioro-i.i,Jr'T£**« 
/ isopropyldyioxane/Py 

60 




Si 



DMAP/Py 




Base 



— C— OPh 



y^i^ B#se 

Bn}SnH/AIBN 9 
Tohiene |^ 

Oft), 



Base 




TBAP/THF 



390 



380 



370 



1- [3 • , 5 ■ -o- ( 1 . 1, 3 . 3-T.trai.opropyl4i.ilox«-l. 3-diyl ) -«-!.- 
aral»inofur«no«yl3-puria. or pyrlmidio. (S««) ^ , , 

TO a stirred suspension of d in pyridine is added 1,3- 

dichloro-1.1.3,3-tetraisopropyldisiloxane (1.2 mol). This is 
stirred at roor. temperature until the completion of the reaction 
(five hours), the solvent is evaporated «.d the residue is dissolved 
in EtOAc and washed with water. 5% HCl. water, saturated aqueous 
NaHCO, and brine. After drying over anhydrous Ha,SO. it was filtered 
and evaporated to give the crude product (14A) which is used in the 
next step without further purification. 

1- 12 . -o-»b«ao«yt:i.ioearboByl-3 • , 5 • -O- (1, 1 , 3 . >-t. trat.opropyl 

Tft^olution of (Ifi) (1 i" anhydrous CH,CN is added 4- 

din,ethly ajr.ino pyridine (DMAP) (1.9 mol) and phenyl 
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chiorothior.oformate (1.1 mol) . The solution is stirred at room 
temperature for 24 hours. Then the solvent is evaporated and the 
residue dissolved in EtOAc and washed with water, 5% HCl, water,' 
saturated aqueous NaHCO, and brine. The EtOAc layer is dried 
(Na.SOJ , filtered and evaporated. The residue is purified on a 
silica gel column to give pure i22A) • 

3.^5. -o- ( 1, Ir 3 # 3-T*trai»opropyldi«iloxan#-l, 3-diyl) -«-L-p^rin« or 
pyrimidiD« 

To a mixture of ( 37tt ) |1 mol), AIBN (0.2 mol) in dry toluene is 
added BujSnH (5 mcl) . The solution is deoxygenated with oxygen- free 
Ar then heated at 75°C for four hours. The solvent is then 
evaporated and the residue is purified on a silica gel column to 
yield pure f 38a'^ . 

2 ' -"Moxy-a-L-purine or pyriaaidine 

A mixture cf f 3Bg ^ (1 mcl) and TBAF (2 mcl) in THF is stirred at 
room temperature. After completion of the reaction the solvent is 
evaporated and the residue is dissolved in water and washed with 
ether. The water is evaporated and the residue purified on a silica 
gel columr. tc give pure 2 ' -Deoxy-o-L-purine or pyrimidine. 



wo 96/13512 



PCT/US95/13716 



SCHEME V-A 




l,3-dichloro-l,13,34etra- V/°\ 
isopropyl disiloxane/Py ^ ^ |^ ^ 



PhOCfSXn/ 
DMAP/Py 





Bi^SnH/AIBN^ 
Toluene 



R=— C-OPh 




TBAF/TEBF 




A general schematic for the synthesis of c and p-L-2'-3'- 
dideoxyribofuranosyl pyrimidines and purines is provided below in 
scheme VI. Detailed schematics for Min)ted 2-3' dideoxy 
pyriJnidines and ^-linked 2 'deoxyinosine are shown in Schemes Vl-A 



and VII. 



General procedure to 
pyrimidines and purines: 



SCHEME VI 

make • and p-L-2 • ,3 • -dideoxyribofuranosyl 
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fb X^N— oAc SUylaicd EtAlQ 
-|iO-'\ I ^ ^ CH2Q2 

Fb 



Fb 



1. Scpararion 

2. TBAF/THF 



HO-O 



and 




Base 



A mixture of purine or pyrimidine base (1 mol) in HMDS and ammonium 
sulfate (catalytic amount) is refluxed until the solution becomes 
clear. The resulting clear solution is concentrated in vacuo to 
yield silylated base. To a solution of this silylated base in 
anhydrous CHjClj under nitrogen atmosphere, a solution of 1-0-acetyl- 
5-0-(tert-butyldiphenylsilyl)-2,3-dideoxy-L-ribofuniOse is added 
followed by the addition of EtAlCl,. The reaction mixture is 
stirred at room temperature for an hour and then poured into an ice 
cold mixture of CK^Cl; and saturated NaHCO, solution. The mixture is 
stirred for 10 min and filtered through Celite*. The organic layer 
is washed with saturated NaHCO, solution and brine. After 
evaporating the solvent, the «,p crude product is separated on a 
silica gel column to give pure a and p-5 ' -O- (tert- 
butyldiphenylsilyl ) -2 • , 3 * -dideoxy purines and pyrimidines . These 
compounds are treated with TBAF to remove the silyl protection, and 
then purified on a silica gel column to give pure > and p-dideoxy 
purines and pyrimidines. 

The compounds of this invention wherein the nucleoside has a 
pyrimidine base (U. T. C or substituted pyrimidine base) which is 
linked to the ribofuranosyl sugar via ^ linkage (B is R, in a 
compound of formula (D) and are 2 3 • -dideoxy compounds, can be 
made by the general Scheme VI-A below. 
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SCHEME VI -A 



V 



31 




PhOQSKJ iMno- 
DMAP/Py 



40 




Tomoor 



gO» HOAc 



42 




4KEfc/MGOH 



41 



43 



44 



TBPMSq/Py TBWiB 



NtOH/ca/acacRtCN ^ tbomsi 

DMSO 




45 



V 

HN 

. T 



AEBN 




Compounds of this invention wherein the nucleoside is inosine 
(hypoxan thine) linked to the sugar via p-linkage are shown in the 
general scheme VII below. 
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L-Arabinose BnQH/HQ 



P'L-2 • -Deoxyinosine 
HO 




CHO, 



CHiPh /hTsOH/DMF 




NaH/CS2/MeI 



batft THF 




BUsSnH 
Toluene 



52 



O— C— SCH 



1.80% HOAC 
botfb 2.0.5MHa 



53 



HO 




OH 



OH l.MeQH/Ha 
2./^TolCl/Py 
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silica gel column using EtOAc/petroleun^ ether (70%) to give pure 1 
(0.41 g. 70%) as a white foam. 

2-fi-L-Ribofuranosylcytosine (£) 

compound 2 (0.85 g, 1.42 mmol) in NH,/MeOH (100 ml) was stirred at 
room temperature overnight and worked up as in Example 1, Step C to 
give pure A (0.18 g, 52%) as white crystals: m.p. 210''C. 

Example 4 
Q.p-T-pshnf»ranosv1 adenine 

^^^^ A 

9- (2. 3. 5-Tri-0-ber4Zoyl-p-L-ribofuranosyl)-6-chloropurine (£) 
A mixture of 6-chloropurine (1.22 g, 7.93 mmol) and (NH4)jS04 
(catalytic amoun'.) in KKD3 (25 ml) was refluxed for eight hours. 
The resulting solution was concentrated under anhydrous conditions 
to yield silylated 6-chloropurine. To a cooled (0»C) and stirred 
solution cf silylated 6-chlcropurine and i (2.0 g, 3.97 mmol) in dry 
dichloroethane (25 ml), TMSOTf (1.87 g, 1.6 ml, 7.93 mmol) was 
added. The reaction mixture was warmed to room temperature and 
stirred izz 16 hours. The reaction was quenched with saturated 
NaHCC sclution (10 ml) and the solvent was evaporated. The residue 
was diss::ved in EtOAc (150 ml), washed with water, brine, dried, 
filtered ar.d evapcrated to give a solid residue and it was purified 
on a silira gel cc1u.t- using CHCl;:MeOH (5%) to give pure i (2.35 g, 
99%; as f 

Ster E 

9-fi-L-Kib: f~ranosyladenine OS.) 

A soluticr. cf S COO g) in DME/NH; (50 ml) was heated at 80''C in a 
steel borj: fcr 24 hours. After cooling, the solvent was evaporated 
and the solid obtained was stirred in NHj/MeOH (100 ml) overnight. 
After the evaporation of the solvent, the residue was dissolved in 
water (50 ml), washed with CHCl, (2 x 25 ml) and ether (2 x 25 ml). 
The water layer was evaporated and the residue crystallized from 
water to give pure Ifi (C.30 c, 67%) as white crystals: m.p. 225°C 
(dec) . 
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and benzoyl chloride (19 ml, 166.55 mmol) was added dropwise and 
stirred at room temperature overnight. The solvents were evaporated 
and the residue dissolved in CHClj and washed with HjO and NaHCOj and 
dried over anhydrous Na;S04 . After evaporating the CHClj. the 
residue was coevaporated with toluene to give a brown residue. The 
brown residue was dissolved in 30% HBr/OHAc (67 ml) and the solution 
was stirred at room temperature for 30 minutes, after which time 
glacial acetic acid (47 ml) was added and the mixture was cooled to 
8''C (internal temperature) in an ice-salt bath. Stirring and 
cooling were continued while H^O (34 ml) was added dropwise. The 
mixture was removed from the cooling bath and stirred another 30 
minutes . Then the solvents were evaporated and the residue was 
dissolved in CHCl, and washed with HjO and NaCHOj . The CHCI3 was 
evaporated dov^T; to 50 ml. pyridine (50 ml) and acetic anhydride (9.5 
ml'; were added and stirred overnight at room temperature. Then the 
solvents were evaporated and the residue dissolved in CHCl., washed 
with H;C and NaHCC; . After evaporation of the solvent a brown 
residue was obtained and it was coevaporated with toluene. The 
brown residue was triturated with EtOH to give light brown crystals. 
This was recrystallized from EtOH/EtOAc (5:2) to give 2 (8.15 g, 
46.5%) as white crystals: m.p. 126 - 127<^C. 

Ster 5 

(2. 2, 5-Tri 'ber.zcyl -P -L-ribof'^ranosyl } uracil (2) 
A mixture of uracil (0.44 g, 3.96 mmol) and (NHJ^SO^ (catalytic 
ar.cunt) in HKTS (25 ml) was refluxed for five hours. The resulting 
solution was concentrated under anhydrous conditions to yield 
silylated uracil. Tc a cooled (0°C) and stirred solution of 
silylated uracil and 2 (1.0 g, 1.98 mmol) in dry dichloroethane (5C 
ml), TMSCTf (0.77 mi, 3.96 mmcl) was added. The reaction mixture 
was warmed to room temperature and stirred for 16 hours. The 
reaction was quenched with saturated NaCHOj solution (5 ml) and 
evaporated to dryness. The residue was dissolved in EtOAc (100 ml), 
washed with water, brine, dried, filtered and evaporated to give a 
sclid residue and it was purified on a silica gel column using 
EtOAc/CHCl, (30 - 40%) to give a white solid which was crystallized 
from EtOH/petrole^um ether to give pure 2 (0.914 g, 82.7%) as white 
crystals: m.p. 143 - 144^*0. 
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I'fi-L-Ribo fur an osyl uracil (A) 

Compound i (0.87 g, 1.56 inmol) in NHj/MeOH (100 ml) was stirred at 
rooir. temperature overnight. The solvent was evaporated and the 
residue was dissolved in H^O (50 ml), washed with ether (3 X 25 ml) 
and evaporated to give a white solid and it was crystallized from 
95% EtOK to give pure compound A (0.335 g, 87.2%) as white crystal: 
m.p. 165 - 166*=C. . 

Example 2 

i-p-L-RibofuranQSvl-5'fluorQuracil 

1' (2 , 3 . 5-Tri-0-ber.zoy2-p-L-ribofuranosyl) '5'fluorouracil (£) 
To a mixture of 5-f luorouracil (0.85 g. 6.54 mmol) and compound 2 
(3.0 g, 5.94 mmoi) in anhydrous MeCN (100 ml) were successively 
added HMDS (1.25 ml, 5.95 mmci) . ClSiMe:. (0.6 m.i , 4.76 mmol) and 
SnZli (0.63 ml. 7.13 mmol). The resulting clear solution was 
refluxed fcr 1 hcur when TLC indicated completion of the reaction. 
The solverit was evaporated and the residue dissolved in EtOAc (250 
ml), washed with NaHCO, and H:0. The EtOAc layer was dried, filtered 
and evaporated tc give a white solid and it was crystallized from 
CHCl-./MeOH (1 - 2%) to give compound £ (2.11 g, 61.9%) as white 
cr^'stals: m.p. 205 - 209=C. 



1' P'L-Rihcf'jrar.::syl' 5' f luorouracil (£} 

Compound i (C.75 c, 1.3 0 mmcl) in NH./MeOH (100 ml) was stirred at 
room temperature overnight and worked up as in Example 1, Step C to 
give pure i (0.33 g, 96%) as white crystals: m.p. 147 - 148°C. 

t-B-L-R ibofuranosvlcvtosine 

(2, 3. 5'Tri'O'ber.zoyl'p'L'ribofuranosyl) -N*'acetylcytosine (2) 
To a mixture of N*-acetylcytosine (0.18 g, 1.19 mmol) and compound 2 
(0.50 g. 0.99 mmcl) in anhydrous MeCN (30 ml) were successively 
added HMDS (0.17 ml. 0.79 mmcl). ClSiMe^ (0.10 ml. 0.79 mmol) and 
SnCi, (0.14 ml. 1.19 mmol). The resulting clear solution was 
refluxed for one hour. Then the solvent was evaporated and the 
residue dissolved in EtCAc (100 ml), washed with NaHCO, and H^O. 
After evaporation of the solvent the residue was purified on a 
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Silica gel colu-Tun using EtOAc /petroleum ether (70%) to give pure 1 
(0.41 g. "70%) as a white foam. 

2-fi-L-Ribofuranosylcytosine (£) 

compound 2 (0.85 g, 1.42 mmol) in NH,/MeOH (100 ml) was stirred at 
room temperature overnight and worked up as in Example 1, Step C to 
give pure 4 (0.18 g, 52%) as white crystals: m.p. 210»C. 

Fxample 4 
Q-P-L-Rib nfiiranosvlac^enine 

S- (2 , 3 . S-Tri-O-benzoyl-p-L-ribofuranosyl) -6-chloropurxne (2) 
A mixture of €-chioropurine (1.22 g, 7.93 nanol) and (NH,),SO, 
(catalytic amouni) in KKDS (25 ml) was refluxed for eight hours. 
The resulting solution was concentrated under anhydrous conditions 
t'o'yieid silylated 6-chloropurine. To a cooled (0»C) and stirred 
Ioluti=r. cf silylated 6-chlcropurine and 2 (2.0 g. 3.97 mmol) in dry 
dichloroethane (2 5 ml), TMSOTf ( 1 . 87 g . 1 . 6 ml , 7 . 93 mmol) was 
added. The reaction m.ixture was warmed to room temperature and 
stirred fcr 16 hours. The reaction was quenched with saturated 
NaHCC solution (IC ml) and the solvent was evaporated. The residue 
was dissclved in EtOAc (150 ml), washed with water, brine, dried, 

evapcrated to give a solid residue and it was purified 
zs. eel cclu-T.-. using CHCl.tMeOH (5%) to give pure 3. (2.35 g, 



filtered a 
cn a s 



99%; o£ tzs~-.. 
StSK E 

9- fi-L-'F.Lb:f~raTiOsyl adenine (A£ ) 

A soluticr. cf A (1.00 g) in DME/NH, (50 ml) was heated at 80°C in a 
steel bor- for 24 hours. After cooling, the solvent was evaporated 
and the solid obtained was stirred in NH,/MeOH (100 ml) overnight. 
After the evaporation of the solvent, the residue was dissolved in 
water (50 ml), washed with CHCl, (2 x 25 ml) and ether (2 x 25 ml). 
The water layer was evaporated and the residue crystallized from 
water to give pure 13. (C.30 c, 67%) as white crystals: m.p. 225°C 
(dec) . 
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A mixrure of i (1.05 g, 1.70 itmol), mercaptoethanol (0.48 ml, 6.9 
mmo'l)^ and NaOKe in MeOH (100 ml) was refluxed for four hours. The 
reaction mixture was cooled, neutralized with glacial acetic acid 
and evaporated to dryness. The solid obtained was washed with CHCl, 
and the residue was crystallized from EtOH to give pure 11 (6.198 g, 
47%) as white crystals: m.p. 212 - 213''C (dec). 

9- (2,2.5-Tri-0-be::zoyl-hI'-rit>ofuranosyl)-2-acetamido-6-chloropurine 

A^^fixture of 2-acetamido-6-chloropurine (1.6B g, "7.93 mmcl) and 
(Nk'. •,.£-, (catalytic amour.t) in HMDS HS ml) was refluxed for 16 
hou'-. Vhe resulting clear solution was concentrated under 
^.j.*!^..„c cc-.ditions to yield silyla^ec 2-acetamido-6-chloropurine . 
ToT'-o'-ed (0--C) and stirred solution cf silylated 6-chloropurine 
and 2 12.0 g, 3.96 mmcl) in dry dichloroethane (100 ml), TMSOTf (1.6 
ml, 7.53 ircr.Dl) was added. The reaction mixture was quenched with 
sa-u-£te= KaHCC. solution (10 mli and the solvent was evaporated. 
Thr'reiidue was' dissolved in EtOAc (15D ml), washed with water, 
b-i'- dried, filtered and evaporated to give a solid residue ana it 
was r-rrried or. a silica gel colurr. using EtOAc /petroleum ether (40 
- b:\ =ive pure 12 (1.36 g, 53%) as white foam.. 

£tei; s 

9-p-L-P.iz:f-jr&r.csylguar.ine (12) 

A m.ixture cf 12 (0.58 g, 0.88 mmol), mercaptoethanol (0.25 ml, 3.53 
mmoirar.d NaOhJe (0.'76 m.l , 3.53 ircnol, 25% weight solution in MeOH (10 
ml)) was refluxed for six hours. The reaction mixture was cooled, 
neutralized with glacial acetic acid and evaporated to dryness. The 
solid obtained was washed with CHCl, and the residue was 
crystallized from water to yield pure 11 (0.215 g, 86%) as white 
crystal ; m.p. 248''C (dec) . 



^-p-I -P.ibsfurar.csvl -6-rhi ;>T'g^-^"g Ull 

Tc a scluticn cf 12 (0.68 g, 1.02 mncl) in anhydrous EtOH was added 
thicurea (0.15 g. 2.06 m.T.cl ) . The reaction mixture was refluxed fcr 
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an hour and then the solvent was evaporated. The residue was 
dissolved in EtOAc and washed with water and dried. After 
evaporation of the solvent the crude product was purified on a 
silica gel column (5% MeOK/CHCl^) to yield benzoylated thioguemine. 
The product was debensoylated by stirring with NHj/MeOH (100 ml) at 
room temperature overnight. After evaporating the solvent the solid 
obtained was dissolved in water and washed with CHClj (3 x 50 ml) . 
Then the water was concentrated and crystallized from water to give 
pure 11 (0.15 g. 58%) as yellow crystals: m.p. 227*0 (dec). 

Example 8 

Z-ATiing-c-L-ribgf \arano f 1 \ 2 ^ 4 . 5 1 gxazol ine liSX 

A mixture of L-ribose (7.0 g, 46.63 mmol), cyemamide (3.92 g, 93.27 
mmcl) and IN NH^OH {20 ml) was heated in a 30 - 35**C water bath unt- 
the solids were dissolved. The reaction mixture was kept at room 
temperature for 3 0 minutes and heated again at 60°C for an hour, 
during which time a white solid started to precipitate. After 
adding MeO.H (35 "1), this was kept in the refrigerator overnight, 
filtered and washed with MeOK and ether to give compound AS (7.46 g, 
92%) as white crystals: m.p. 195 - 196*^0 (dec). 

Example 9 

C'.O- -Anhvdrc-l-tt-L-ribofuranosvluracil (^g) 
A mixture of corpound 15 (7.86 g, 45.13 mmol) and methyl propiolate 
(14.04 ml, 157.55 mmcl) in 50% EtOH (100 ml) was refluxed for six 
hours. Afier coding, the solvent was evaporated to dryness and 
coevaporated twice with EtOH. Then the solid obtained was boiled ir 
EtOH, cooled and filtered to give compound Ifi (5.88 g, 57.6%) as 
white crystals: m.p. 215''C (dec). 

Example 10 
l-tt-L-Ribofuranosvluracil (^2^ 
A solution of compound 1£ (4.50 g, 19. 89. mmol) in 30 ml of 0.2 N HCl 
was refluxed for two hours. After cooling, it was neutralized with 
Dowex (2 X 8-lOC) ion exchange resin. The resin was filtered and 
washed with water and the combined filtrates were evaporated and 
coevaporated with ethanol to give a hygroscopic foam, to which 1:1 
mixture of acetone-ether (100 ml) was added and kept at room- 
temperature for two days. This was filtered to yield compound 17 
(4.80 g. 36.6%) as white solid: m.p. 137^C. 
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■J - 3, 5-rri-0-Benzoyi-a-L-ribofuranosyJ>uracii 

A solution of benzoyl cyanide (4.29 g, 32.76 inmol) in CHjCN (25 ir.l) 
was added dropwise to a suspension of compound 12 (2.0 g, 8.19 mmol ) 
in CK,CN (50 ml) followed by Et,N. The mixture was stirred at room 
temperature for three hours and the solvent was evaporated to 
dryness. The crude material obtained was purified on a silica 
coluri: using 50% EtOAc/hexane as solvent to yield compound It (4.55 
g, quantitative) as pale yellow foam. 

SISSL 



2- (2, 3. S-Tri-0-be.zzoyl-a-L-ribofuranosyl)-4-thiouracil (li) 
Phosphorus pentasulfide (5.99 g. 26.95 mmol) was added to a solution 
of co-pcund iS (3.75 g. 6.73 mmci) in pyridine (70 ml) and was 
refluxed for four hours. After cooling, the solvent was evaporated 
ar.c the residue dissolved in CHCl;.. washed with water and brine. 
After dr^'ing over anhydrous Ha.SO^. evaporation of the solvent gave 
the crude product which was purified on a silica gel column using 
30% EtOAc /petroleum ether as solvent to give compound JLi (3.68 g, 
95%) as golden yellow foair.. 



i-«--.-Pibc'^-.:-anoPvlcvtPSing UfiX 

Compound i£ (3.66 g, 6.42 mmol) was treated with 200 ml of 
methanolic amrr.onia in a bomb at 100°C for 18 hours. After cooling 
to room temperature, the solvent was evaporated to dryness and the 
residue dissolved in water (200 ml). The aqueous solution was 
extracted successively with CHCl, and CC1« (3 x 100 ml) to remove 
ben2air.ide and methyl benzoate. The aqueous layer was treated with 
active charcoal, filtered through Celite®, evaporated to dryness and 
coevaporated with EtOK. The solid obtained was recrystallized from 
MeOH to give pure compound 2S. (1-36 g, 81%) as white solid: in. p. 206 
- 207-C (dec) . 

Example 13 

■I -a-T.-Ribnfviranpsv l -4-thiou-nri 1 (21) 
Compound (C.61 g, 1.06 mmol) in NH;/MeOH (40 ml) was stirred at 
roor. temperature overnight. The solvent was evaporated and the 
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residue was purified on preparative plates using MeOH/CHClj (20%) tc 
give pure compound 21 (0.185 g, 66.5%) as yellow foam. 

Example 14 
l-g-L-ribp furanosvl-5-fluorouracil 

step A 

3, S'tri-O-benzoyl'L-ribofuranoside (22) 
To a solution of 2 (0.50 g. 0.99 mmol) in CHjClj (50 ml), thiophenol 
(0.11 ml. 1.09 mmol) was added and stirred at room temperature for 
15 minutes. Then the reaction mixture was cooled in an ice bath and 
SnCl4 (0.07 ml, 0.59 mmol) was added dropwise and stirred at room 
temperature overnight. The reaction mixture was washed with 2N HCl 
(2 X 20 ml), water (25 ml), NaHCOj solution (25 ml) and then with 
brine. After drying over Na2S04. the solvent was evaporated and the 
residue was purified on a silica gel column using 15 - 20% 
EtOAc/pe"rcle--jr. echer as solvent tc give pure compoxind 21 (0.45 g, 
B2k) as an cil . 



l-Thio-2, 3, 5'trl-O'benzyl'L'ribofuranoside (22) 

Tc a scluticn of 22 (0.45 g, 0.81 mmol) in MeOH (20 ml). NaOMe (0.03 
ml. 0.16 mr.cl) was added and stirred for IB hours. The reaction 
mixture was neutiralized by Dowex 50 ion exchange resin, filtered and 
evaporated. Tc this residue. DM? (20 ml) was added and cooled in an 
ice bach. Tc chis cooled solution NaH (0.32 g. 8.11 mmol) was added 
in portion and stirred for 15 minutes. Benzyl bromide (0,96 ml. 
E.ll mmol) was added dropwise and stirred at 0°C for -2-3 hours. 
The reaction was quenched with water after diluting with EtOAc . The 
EtOAc layer was washed with water (2 X 25 ml) and brine. After 
drying and evaporation of the solvent, the crude product obtained 
was purified on a silica gel column using 5 - 10% EtOAc/petroleum 
ether as solvent to yield pure 22 (0.30 g, 73.5%) as an oil. 

Step C 

1' (2, 3, 5'Tri'O-benzyl-a'L'ribofuranosyl) "S-fluorcuracil (2£) 
A mixture of 5-f lucrouracil (0.15 g. l.l*? mmol) in 

hexamethyldisilazane (30 ml) and ammonium sulfate (catalytic amount) 
was refluxed for four hours. The resulting clear solution was 
concentrated in vacuo to yield silylated 5-f luorouracil as colorless 
cil. To a solution of silylated 5-f luorouracil in CH;Cl; (20 ml; 
under nitrogen atmosphere were added NES (0.11 g. 0.64 mmcl;, 4A 
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n,olecuiar sieves (0.21 g) and compound 22 (0.30 g, 0.58 mmol) in 
CHjCl- (20 ml) - The reaction mixture was stirred at room temperature 
overnight and quenched with the addition of Na,S,0, solution. The 
organic layer was washed with water, brine and dried over Na,SO.. 
Evaporation of the solvent gave the crude product and it was 
purified on a silica gel column using 5% MeOH/CH,Cl, as solvent to 
give the pure e isomer 24 (0-23 g. as yellow oil. 

l-B-L-ribcfuranosyl-S-fluorouracil 12S.) 

TO a solution of 24 d-O g. l-B^ mmol) in CH,C1, <50 ml), at -TS-C 
under nitrogen atmosphere. 1 M solution of BCl, (20 ml. 20.5J inmol) 
was added dropwise. The reaction mixture was stirred at -7B C tor 
fou^ hours, a 1:1 mixture of CK,Cl,/MeOH (50 ml) was added and the 
rea-io' mixture was brought to room temperature and the solvents 
we-e evapcrated to dryness. The residue was coevaporated with MeOH 
(2- mM 5 times. The residue obtained was dissolved in water and 
washe- CHZ:.. (2 x 50 ml) . The water layer was evaporated to 

give a white sclid which was cr^'Stallized from EtOH/ether to give 
the pure 21 (C.41 g. 83%) as white crystals: m.p. 150»C. 

E^a-TT^'e 15 

A m^x-u-e cf L-arabincse (10. G c. 66.60 mmol), cyanamide (5.60 g. 
l--3*20 mmci), methanol (30 ml) and NH«OK (3.3 ml) was stirred at 
room ten-.perature for three days and then kept at -10»C overnight. 
The product was collected with suction, washed with methanol and 
ether to give compound 2£ (9-60 g, 82.7%) as white , crystals : m.p. 
175''C. 

fvaTTOle 16 

r.: r^: _ ^ ^v- ^ y^^n- B - ! rabi nof ti^nnosvlurar H (27) 
A solution of com.po-und 24 (15.0 g. 85.15 mmol) and methyl propiolate 
(23.0 ml. 261.75 mmol), in 50% aqueous ethanol (250 ml) was refluxe= 
for five hours. After cooling, the solvent was evaporated to 
dryness and the solid obtained was coevaporated with EtOH twice. 
Then the residue was dissolved in hot EtOH, cooled and filtered tc 
give 21 (12.52 g, 65%) as white solid: m.p. 236'»C. 
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Exairole 17 

3 • , 5 • , -ri -O-benzoyl -O*" , O*" -aiihydro-|>-L-uridine (2S.) 

A suspension of compound 21 (12.52 g, 55.31 mmol) and benzyl cyanide 
(15.96 g. 121.77 mmol), in DMF (100 ml) was treated dropwise with 
triethylamine (1.9 ml). The mixture dissolved rapidly and 
spontaneously deposited the product. The mixture was diluted with 
DMF (50 ml), stirred for three hours and finally diluted with 
ethanol (15 ml). This was poured into ether (250 ml), the 
precipitate collected with suction, washed with ether and dried to 
give 23. (21.92 g, 88%) as white solid: m.p. 260''C. 

Step g 

3 • , 5 ■ , -Di-o-i)er:roy:-2 '-chJoro-2 '-deoxy-^-L-uridine (22) 
A ir.ixture of ccr.pour.d 2fi (21.72 g. 50.46 mmol), DMF (200 ml) and 6 K 
HCl in DKF (4:. 5 ml) was stirred at 100»C for 90 minutes under 
exclusion cf st--s?heric moisture, cooled down and poured under 
stirring intc 1.5 L of water. The precipitate was collected with 
suction, washed with 1 L of water and recrystallized from ethanol 

(600 ml) tc give pure 21 (19-5 5- 83.7%) as white crystals: m.p. 166 

- 167=C. 



J ■, 5 • , -Di-o-be.-rcyI-.2 '-deo^cy-p-L-uridine (2SL) 

A mixture of cor.pour.d 21 (18.89 g, 39.93 mmol), tri-n-butyltin 
hydride (44.3 ir.l . 159.7 mr.ol), benzene (400 ml), and 
azobisisobutyrcr.itrile (0.160 g) was refluxed under stirring for oi. 
hour. After cooling, the solid was filtered and washed with 
benzene. This solid was portion-wise recrystallized from ethanol 

(3.2 L) tc yield pure 2fi (15.9 g, 91.3%) as white crystals: m.p. 223 

- 224=C. 

Step V 

2 ' -Deoxy-ft-L-uridine (21> 

To a solution of compound 23. (5.75 g, 13.17 mmol) in MeOH (75 ml) 
was added 4 . 62 M NaOMe (3.17 ml) and the reaction mixture was 
stirred at room temperature overnight. Then the solvent was 
evapcrated and the residue was dissolved in water (250 ml) and 
washed with ether (3 x ICO ml). The aqueous layer was neutralized 
with Dowex 50 (H-; ion exchange resin, filtered and evaporated. The 
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crude product obtained was coevaporated with ethancl and 
crystallized from ethanol to give 21 (2.53 g. 84.3%) as white 
crystals: m. p. 162 - 163»C. 

The boiling solution of confound 11 (5.0 g, 11.45 ^oD in anhydrous 
dioxane was treated with phosphorus pentasulfide (2.58 9' 12.83 
H^ol) and the mixture refluxed under nitrogen '"'^^P^^^^'^^'^ ^ 
.inutes. The xnixture was then treated with additional P^-P^°-= 
pentasulfide (2.85 g) . refluxed for another 30 minutes, filtered 
while hot. and the solid washed with dioxane. The fUtrate was 

derated to dryness and the crude product obtained was P^" - - 
I silica gel colm.-. using 20 - 30% EtOAc /petroleum ether as solven. 
to give an oil, which was coevaporated with ethanol and then 
cr-ysta-.lizea fro:.. ethanoi-petroleuiB ether to give pure 12. (2.62 g. 
50.5%) as yellow crystals: m.p. 136 - 137»C. 

compound .22 (3.0 g. 6.63 mmol) was treated with 200 ml of methanoUc 
a:^on.a in a bo.^ at lOC^C for 10 hours. After ^^^^^ ^ ^^^^^^^ 
temperature, the solvent was evaporated to dryness and the resadue 
d-cc-:ved in water (20C ml). The atjueous layer was washed w.tn 
ethe- (3 X 100 r.l ) and treated with active charcoal, filtered 
th-o-'- CeUteS. and evaporated to dryness and coevaporatea with 
ethan'- The solid obtained was recr^'srallized from ethanol- 
aceto^ltrUe mixture (1:10, to give 22 (1.13 9. ^5%) as white 
cr^'stals: m.p- 210"C. 

Pvamr^lP 20 

compo-und 22 (C.25 g. 0.55 mmol) in NH./MeOH (30 ml) was stirred at 
room temperature overnight. The solvent was evaporated and the 
residue was purified on preparative plates using MeOH/CHCl^ (20%) to 
give pure 2A (0-12 g. 8B%) as yellow oil. 

p.-ppnvN/-B-T.-t:)^N>Tr.'r^<->'- (35) 
compound 21 .0.5 g. 2.19 nunol, was heated at 60 - 70»C for six days 
in a mixture of 1.2 ml 3-?% aqueous formaldehyde ano 1.2 ml -M KO.-. . 
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Even' 24 hours the reaction mixture was treated with an additional 
C.55 ml of IM KOH and 0.55 ml of aqueous formaldehyde. The solution 
was then diluted with water, adjusted to pH4 with Dowex 50(K*), 
filtered, the filtrate evaporated in vacuo and the residue 
coevaporated several times with ethanol. The final residue was 
dissolved in ethanol and made alkaline (pHlO) by the addition of 
triethylamine, evaporated and coevaporated several times with 
toluene. The residue was dissolved in 22 ml ethanol and 50 ul 
concentrated hydrochloric acid was added. The solution was refluxed 
for five hours. Then the reaction mixture was made alkaline with 
triethylamine. evaporated and the residue was purified by f lash- 
chroma tography (20% methanol-chloroform) . 240 mg pure product and 
280 mg mixture (containing starting material) was obtained. The 
product was dissolved in 20 ml ethanol, acidified with 27 ul 
concentrated hydrochloric acid and hydrogenated over 55 mg of 10% 
palladiuiT; on charcoal catalyst overnight under atmospheric pressure. 
The mixture was filtered, the filtrate made alkaline with 
triethylar.ine and evapcrated tc dryness. Flash- chromatography of 
the residue (20% ethancl-chlorof orm) gave 21 (0.18 g, 34% overall 
yield) as a white powder. 



l'[3 \ 5' -0- (1.1.3. 3'Tezraisopropyldisiloxane'l . 3'diyl ) 'fi-L- 
ribofuranosyl J •5'fluorouracll (2£) 

To a stirred suspension of 1 (1.0 g, 3.90 mmol) in pyridine (40 ml) 
was added 1 , 3-dichloro-l , 1 , 3 , 3- tetraisopropyldisiloxane (1.65 ml, 
4,68 mmol). This was stirred at room temperature until the 
completion of the reaction (five hours), the solvent was evaporated 
and the residue was dissolved in EtOAc and washed with water, 5% 
HCl. water, saturated aqueous NaHCO^ and brine. After drying over 
anhydrous NajSG^ it was filtered and evaporated to give the crude 
product 2fi and it was used in the next step without further 
purification. 



7 ' -Dg2>:\^- 6-L-5-f luorouridine (39) 
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l'{2' 'O'Phenoxyzhiocarbonyl-3 * , 5 '-O- (1.1.3.3' 
tezraisopropyldisiloxane-l . 3-diyJ ; 'P-L-ribofuranolsyl ] -5- 
fluorouracll (22) 

To a soluiion of 2f (3.90 inmol ) in anhydrous. CH^CN (50 ml) was added 
4- (dimethyl amino) pyridine (DMAP) (0.92 g, 7.56 mrool) and phenyl 
chlcrothionofonnate (0/6 ml, 4.29 mmol). The solution was stirred 
at room temperature for 24 hours. Then the solvent was evaporated 
and the residue was dissolved in EtOAc and washed with water, 5% 
HCl, water, saturated aqueous NaHCO, and brine. The EtOAc layer was 
dried (Na^SOj', filtered and evaporated. The resultant oil was 
purified on a silica gel column using MeOH/CHClj (5%) to give pure 
21 (0.47 g) as white foam. 

^^^^ ^ 

3 \ 5 ' -0- (1.1,3. 3-TezraiBopropyldisiloxane'l . 3'diyl ) 'fi-L-S- 
fluzrourlcine (2& ' 

To a mixture zt 21 (C.46 g. 0.72 mm-l;. AIBN (0.02 g. 0.14 mmol) in 
dry toluene (20 ml) was added Bu,SnH (2.0 m.l . 5.05 mmol). The 
solution was deoxygenated with oxygen-free air and then heated at 
75'C for four hours. Then the solvent was evaporated and the 
residue was purified on a silica gel columj. using EtOAc/petroleum 
ether (30%) tc yield pure 21 (0-34 g. 97%) as white foam.. 

2 ' -Decxy- P'L- z ' flvcrc'dridine (2£^ 

A mixture of 11 (0.32 g. 0.66 mmol) and TBAF (1.4 ml, IK solution) 
in TKF (15 ml ^ was stirred at room temperature. After completion of 
the reaction the solvent was evaporated and the residue was 
dissolved in water and washed with ether. The water was evaporated 
and the residue was purified on a silica gel column using MeOH/CHCl: 
(10%) to yield pure 20 (1.30 g, B0%) as an oil. 

Example 2 3 
• -Dgn>p ^-e-L-5-f lucrouridine ) 
Following the method of Example 22, this compound was made starting 
from l-a-L-ribcfuranosyl-5-f luorouracil (2£) : m.p. 150^*0. 
NM?-: (DMSOd, ) fi 1.90 (m.lH. K-2*a) 

2.55 (r.. IK. K-2'b). 3.33 (m. 2H, K-5'), 4.19 (m, 2K, H-3' & 4"). 
4.E€ (br s. In. OH). 5.43 (br s. IH, OH). 6.10 (dd. IH, H-1'), 8.15 
(d. H-ci. 11.7E (br s. 1H. N-H) 
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3--Dide nw-fl-L-uridine (43) 

2- 'Deoxy-S' -0' ( 4 -monomethoxytrityl ) -fi-L-uridine (£2) 
To a solution of compound 21 (2.0 g, 9.16 mmol) in pyridine (100 
ml). 4-inonomet:hoxytrityl chloride (3.11 10.08 mmol) was added and 
stirred at room temperature for 24 hours. Then the solvent was 
evaporated and the residue was dissolved in EtOAc, washed with 
water, NaHCO, and brine. After drying over anhydrous NajSO,, the 
solvent was evaporated to give the crude product and it was purified 
on a silica gel column (5% MeOH/CHClj) to yield Afi (4.13 g, 94%) as 
white foam. 



2 '-D€OX3'-5 '-0- {4-monomethoxytri tyl}'3 ' -O-phei^oxythiocarbonyl-p-L- 
uridin€ (Al' 

To a scluticr. cf ASL (^.13 g, 8.25 mmol) in anhydrous CH3CN (100 ml) 
was added DM-.? •:0.46 3.76 mmol) and phenyl chlorothiono formate 
(1.26 r.l, 9.C7 mmcl) . The solution was stirred at room temperature 
for 24 hours. Then the solvent was evaporated and the residue was 
dissolved in EtOAc and washed with water, 5% HCl, water, saturated 
aguecus NaHCC:. and brine. Evaporation of the EtOAc layer gave the 
crude product and it was purified on a silica gel column (3.5% 
MeOH rnr: ^ to yield pure Al (3.95 g, 75%) as foam. 



2 • t • -rider>::.--5 ' -C- ^4-mcnomethoxycricyi; -fi-L-uridine (A2) 
To a mixture cf 11 (3.95 g, 6.20 mmol), AIBN (0.20 g, 1.24 mmol) ii . 
dry tcluer.e (150 m.l) was added BUjSnH (16.7 ml, 62.0 mmol). The 
solution was decx-ygenated with oxygen- free air and then heated at 
75^C for five hours. The solvent was evaporated and the residue was 
chromatcgraphed on a silica gel column (50 - 60% EtOAc /petroleum 
ether) to yield pure 12 (2.36 g, 78.8%) as white foam. 



2 ' , 3 ' -Dideoxy-p-L-uridine (A2) 

Compound 12 (0.37 g, C.76 mmol) in 80% acetic acid (5.0 ml) was 
stirred at room, temperature for two hours, the solvent was 
evaporated and the residue was coevaporated with toluene. The 
residue was purified on a silica gel column {15% MeOK/CHCl:.) to give 
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pure 42 and it was crystallized fron> MeDH/ether to give il (0.118 g, 
■731) as white crystals: m.p. 122''C. 

^t^o;<y-3,5-di-0-c-to:uoyi-M.-rihofuran«yi)-6-cW=,ropuri« (iZ) 
I ILturfof 6-=h:oropuri„e <0.40 2.62 Mnol) s=aiv» hydr.a. 
*sriB oil, 0.11 ,, 2.88 n^ol, m hydrous CH.O. 150 ml. was 
sarrea u^der . nitrogen .t«.sph.re tor 30 minutes .t room 
temperature. Crystalline conpound a£. mede .ccording to the 
3dure described in J^^aladim 2355-2366. 19B.. 
! omer .0.85 g, 2.18 Mnoll. was added and stirring .as J" 
"urs After addition of CHCl, (50 ml, . the mixture «as fUtered 
hfoul. Celite.. The filtrate was evaporated and ="de wa 
pur.fled on a silica gel columr. using 50% EtOAc /petroleum ether 

^^^^^^^^ t^n 10 55 q 50%) as white solid, 
aive pure coir.pound iZ ^'-'•^^ y. 



4:;^:g;^^i4^^^ .ercaptoethanol (0.11 .1. 1.55 

Llr,: 'and ^aOMe ,0.34 .1. 1-55 n..l, in MeOH was refluxed for our 
Tours. The reaction fixture was cooled, neutralized w.th g.ac.al 
ace- - ac^c a-d evaporated tc dryness. The solid obtained was 

CHC. a^d .ne residue was crystallized -o. H,0/MeOH to 
give pure £B (CO/D g. -71%) as white crystals: m.p. 219 - 220 C. 

Ir. vitro activity against certain huBian tumor cell lines. 

CELL LINES: Eight different established huinan cell 
(lunc), COLO320 (colon). HS^BSt (breast). HT-29 "^^-^ , 

(breLst,. OM-1 (colon). SKLU (lung) and SKMES(lung). and two contro. 
ce-1 lines (bone marrow and/or fibroblast cells) were utilized. A., 
ce^-' Mnes were obtained froir. the Tumor Cloning Laboratory. 
^n"s-tute for Druo Development, Cancer Therapy and Research Center, 
San Antonio. Texas. All cell lines grew as monolayers in the 
appropriate culture mediur. supplemented with heat-inactivated cal- 
s!L. All reagen.s were obtained fron Grand Island Biological Co.. 
Grar.d Island. New York. 
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IN VITRC EXPOSURE OF TUMOR CELLS TO COMPOUNDS: Stock solutions of 
intravenous (iv) formulations of certain of the compouiids of the 
present invention (as shown in Table I below) , as well as 
intravenous formulations of 5-FU (control) were used. The iv 
formulations of the compounds of the present invention were prepared 
with sterile buffered saline and stored at -70*'C until required for 
testing. The 5-FU control formulation was prepared as suggested in 
the product literature. 

Following trypsinization, tumor cells were suspended in tissue 
culture medium and exposed to the antitumor agents continuously at 
three different concentrations: 10, 1 and 0.1 ug/ml. 

RADIOMETRIC MEASUREMENT OF GROWTH INHIBITION: Growth inhibition was 
assessed with the BACTEC System 460 (Johnston Laboratories, Towson, 
MT) after addiricn of the antitumor agent to the cell in the 
respective growth medium containing ^*C-glucose at a final 
concentration cf 2 uCi/ml. (See generally, C. Arteaga, et al , , ^ 
Radiometric Method for Evaluation of Chemot herapy Sensitivity: 
Results cf Screening a Panel of Human Breas t Cancer Cell Lines . 
Cancer Research, 47, 6248-6253 (1987). 

Two mis cf the tumor cell suspension containing radioactive glucose • 
were seeded intr sterile, disposable 15 ml vials by injection 
through self-sealing rubber -aluminum, caps. For each cell line, the 
optimal number cf tumor cells needed per vial in order to show 
significantly measurable growth in this radiometric system varied. 
The seeded vials were then incubated at 37^0 . Measurement of the 
release of ^*C0: resulting from the metabolism of ^*C-glucose were 
performed cn cays €, 9, 12 and 15 in the BACTEC instrument. This 
instrument flushes the ^*C0; containing air out of the vials into an 
ionization chamber that converts dpm to growth index values. 
Chemotherapy sensitivity was calculated by comparing the growth 
index values of drug-treated vials to that observed in control 
vials. Each data pcint 'represents triplicate values. 

Results are shovwT: in Table I below. 
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COMPOUND 



5-FU 



% SURVIVAL BON: 
M ARROW 

1.9 



% SURVIVAL 
TUMOR 



IC 5C 



a-1- 

ribofurancsyl- 
uracil 

2-ainino-c-L- 
ribofurano 

(l- ,2; :4.5] 
oxazcline 

2-ajT'.ino-a-L- 
ar£bin::-furanc 
[l- .2' :4.5: 
oxazcline 

C',0' -ar.hydrc-1- 
C-L- 

ribcf urancsyl 
uracil 

c-L- 

ribcf urar.csy^ 
cytcsine 

1- {2, 3 . 5-tri-C- 
ber.2cyi-a-L- 
ribof urancsyl ' - 
4- thiouracil 

l-(3,5-di-C- 
ben2oyl-2- 
deoxy-p-L- 
ribcfuranosyl ) - 
4 -thiouracil 

2 • - p-L-decx-y 
ribcf urancsyl- 

4- thiouracil 

a-L- 

ribcf uranosyl - 

5- :lucrouracil 

P-L- 

ribcf uranosyj - 
5-f iucrcuracil 



ribcf uranosvi 
cycosine 



96.6 



114.6 



109.5 



7C 



120.; 



85 .9 



96.2 



94.6 



12 



C Q 



72.6 



CALU 
COLO32 0 
HS57eT 
HT29 
MCF-7 
OM-1 
SKLU 
SKMES 

CALU 



OK-1 



CALU 

MCF-7 

OM-1 

OM-1 



COLO22 0 
SKLU 

HT2S 



MCF-7 

OM-1 

SKLU 



OM-1 
SKLU 



OM-1 
SKLU 



COLO320 
HT29 
OM-1 
SKO^U 

OM-1 



2.2 
1.0 

43.5 
1.2 
0.8 
1.7 
5.0 

11.2 



89.1 



2.6 



89 
86.6 
41.3 

46.4 



82.3 

85. e 

75 



84 .5 
35.7 
77.7 



62.3 
79 . 4 



0.4 

71 



81.9 
64.7 
71 . 9 
69.7 



<0 
<0 
<0 

0 
<0 

1 

1. 
<0. 

>10 



6 
6 
6 

613 
6 

,47 
.05 
.6 



0.026 



44 .6 

167 
5 

2 .97 



34 . 9 
24 C 

>1C 



■10 

*0.9B 
88.7 



34.3 
>10 

0.67 
43.4 

166 

37 . E 
32.2 

5.9 
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COMPOUND 



% SURVIVAL BONE 
MAj^^OW 



% SURVIVAL 
TUMOR 



IC 50 



P-L- 

ribofursmosyl 
guanine 

2 * -o-L-deox:^' 
ribofuranosyl- 
5-f luorouracil 

2 • -p-L-deox>' 

ribofuranosyl 

thymine 

P-L- 

ribofuranosyx 
uracil 

2',3'-p-L- 
didecx-y 
ribcf urar.cs'v"! 
uracil 

P-L- 

ribcf uranos:-'- 
adenine 

P-L- 

ribcf uranosy. 
hypoxanthine 



P-L- 

ribcf urancsy. 
6- whioguanir.^ 



169.8 


HT29 


80.9 


>10 




OM-1 


44 .7 


0 . 097 


104 


HT29 


81.7 


85.2 




MCF-7 


66.9 


16.6 




OM-1 


66.7 


62.9 




SKLU 


83.9 


32.5 


158.9 * 


COLO320 


67.0 


57.4 




HT29 


72.2 


30.4 




OM-1 


J7 . b 






SKLU 


72.4 


38.2 


112.5 


HT29 


78.7 


>10 




OM-1 


30.8 


0.094 


79 . 4 


CALU 


0.4 


0 .623 


91.2 


OM-1 


50.9 


4.23 


118.4 


COLOj^ 0 


C Q "5 

OO . z 


17 9 




HS578T 


93.4 


>10 




MCF-7 


96.8 


38.1 




OM-1 


87.3 


82.7 




SKLU 


. D 


4S 1 


97 .4 


HS578T 


66. 6 


17 .1 




OM-1 


83 . 1 


42.7 




SKLU 


45.1 


8.7 


108.8 


COLO32 0 


19.6 


6 .56 




HT29 


42.5 


8.46 




MCF-7 


86. 9 


60.7 




OM- 1 


85 . 2 


56 . 1 




SKLU 


86.2 


59.9 


64 .9 


CALU 


28.9 


0.656 


109. 6 


OK-1 


83.1 


>10 


Table I 


are compared to 


results 


achieved with 



2 ' -p-L-decx^' 
ribcf uranosyl- 
5- f iucrouraci; 



2 ' -p-L-decxi.' 

ribofuranosyl 

adenine 

2 ' -P-L-deox:;' 
ribof uraLnosyi 
hypcxanthine 



The data presented in 
5-FU as the control. All compounds were dosed on an equimilimolar 
basis- Inhibitory concentration (IC 50) is defined as the 
ccncentraiicr. rec-jired to kill 50% of the untreated cancer cells. 
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Although the IC 50 of certain of the compounds listed in Table I i«ay 
be higher than that for 5-FU (the control), the compounds of the 
present invention are generally less toxic to normal cells such as 
bone marrow or fibroblasts. This implies that the compounds of the 
present invention may have advantages over known cancer therapies as 
the claimed compounds may be less toxic and/or more selective for 
the tumor cells, thereby causing less serious side effects. 
Additionally, because of their lower toxicity to normal cells, it is 
anticipated that the present compounds may be dosed at a higher rate 
to selectively increase toxicity to the cancer cells. In this 
regard, a therapeutic ratio for a given compound is typically 
deterrrdned by the following ' calculation . 

if c;uT\-ival ^r"" marrow 
% survival tumor 

A therapeutic ratio cf <80% is considered active. 
rn Vive gvyltiation 

*" ^ . .v,o rs-ese-' invention are being tested 

Representative compounas of the p.ese... inve...ion a \. ^ 

in a variety of preclinical tests of anti-cancer activity whac. are 
i^-^cative of clinical utility. For example, certain compounds wUl 
be^tested ir. vivc- against human tumors xenografted into nude mice, 
specifically £1£. K>:-i and P3e8 Leukemia tumor lines were used. 

B6D2F1 mice receive i.p. inocula of B16 murine melanoma brei 
prepa-ed froir. Elf tumors growing s.c. in mice (day 0). On day 1, 
tumored mice are treated with drugs or vehicle control; the drugs, 
route of drug adr.inistration and schedule are selected as 
appropriate for the study in question. If dosing information for 
agerts is not available, the maximum tolerated dose (MTD) is 
de>er7r.^ned in initial dose-finding experiments in non-tumored mice, 
ir a t>-pical experiment, drugs are given at their MTD and 1/2 KTD 
doses i.p. on a daily X 5 schedule. 
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The mean survival times of all groups are calculated and results are 
expressed as mean survival of treated mice/mean survival of control 
mice (T/C) x IOC. A T/C value of 150 means that the treated group 
lived 50% longer than the control group; this is sometimes referred 
to as the increase in life span, or ILS value. 

Mice that survive for 60 days are considered long term survivors, or 
cures, in the B16 model. The universally accepted cut-off for 
activity in this model, which has been used for years by the NCI, is 
T/C=125. Conventional use of B16 over the years has set the 
following levels of activity: T/C<125, no activity; T/C=125-150, 
weak activity; T/C=150-200, modest activity; T/C=200-300. high 
activity: T/C>300, with long term survivors* excellent, curative 
activity . 

Statistics are performed or. the data using primarily the log rank p- 
vaiue test. 

Plpg Le-ker.ia 

This test is conducted in exactly the same way as the B16 test. The 
tumor inoculuir. is prepared by removing ascites fluid containing P388 
cells frcr. tu.T.ored D5A/2 mice, centrifuging the cells, and then 
resuspending the leukemia cells in saline. Mice receive 1 x 10- 
P3 6£ cells i.p. or. day C . 

MM-: H'jmar. Breas t Turr.cr Xenocraft 

Nude mice are implanted s.c. by trocar with fragments of MX-1 
mammary carcinomas harvested from s.c. growing MX-1 tumors in nude 
mice hosts. When tumors are approximately 5 mm x 5 mm in size 
(usually about ten days after inoculation), the animals are pair- 
matched inic treatment and control groups. Each group contains 10 
tumored mice, each of which is ear-tagged and followed individually 
throughout the experiment. The administration of drugs or vehicle 
begins the day the animals are pair-matched {day 1). The doses, 
route of drug administration and schedule are selected as 
appropriate for the study in question. If the MTD dose of an agent 
is not knoiAT. . it is deterr.inec in an initial dosing experiment in 
non- tumored mice. In a. typical experiment, drugs are given at their 
MTD and 1/2 MTZ doses i.p. on a daily x 5 schedule. 
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The experiment is usually terminated when control tumors reach a 
size of 2-3 g. Mice are weighed twice weekly, and tumor 
measurements are taken by calipers twice weekly, starting on day 1. 
These turner measurements are converted to mg tumor weight by a well- 
kno'AT: formula, and from these calculated tumor weights the 
terrrtination date can be determined. Upon termination, all mice are 
weighed, sacrificed, and their tumors excised. Tumors are weighed 
and the mean tumor weight per group is calculated. In this model, 
the mean control tumor weight/mean treated tumor weight x 100% (C/T) 
is subtracted from 100% to give the turner growth inhibition (TGI) 
for each group. 

Some drugs cause tumor shrinkage in the KX-1 model. With these 
agents, the final weight of a given tumor is subtracted from its own 
weight at the start of treatment on day 1. This difference divided 
by the initial tumor weight is the % shrinkage. A mean % tumor 
shrinkage can be calculated from data from the mice in a group that 
experienced regressions. If the tumor completely disappears in 

a mouse, this is considered a complete regression or complete tumor 
shrinkage. If desired, mice with partial or total tumor regressions 
can be kept alive past the tenr.inaticn date to see whether they live 
tc become long terr;. tumor-free survivors. 

Statistics are perfcrrried on the data using primarily the log rank p- 
value test. 

Protocols for KXV-1 Inactivatton 8tudi«0 

General protocols for the testing of compoxinds in in vitro antiviral 
screens are disclosed in the following references: 

1} Perec, V.L., Rowe . 7., Justement, J.S., Butera, S.T., June, 

C.H. and Folks, T.K. . An KlV-l-inf ected T cell clone defective 
in IL-2 production and Ca" mobilization after CD3 stimulation, 
S. I.TJTunc:. 147:5145-3148, 1991. 

2; Folks, T.K., Justement. J., Kinter, A., Dinarello, C. and 
Fauci. A.S., C^'tokine- induced expression of HIV-1 in a 
chronically infected promonocyte cell line. Science 238:600- 
eC-2, IBc' . 
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3) Folks, T.K., Clouse, K.A. . Justement , J., Rabson, A., Duh, E. 
Kehrl, J.H. and Fauci, A.S., Tumor necrosis factor a induces 
expression of human immunodeficiency virus in a chronically 
infected T-cell clone. Proc. Nad. Acad. Sci . USA 86:2365- 
2366, 1989. 
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Clouse. K.A.. Powell, D. . Washington, I.. Poli, G., Strebel, 
K., Farrar, W.. Barstad. P., Kovacs, J.. Fauci, A.S.and 
Folks. T.M.. Monokine regulation of human immunodeficiency 
virus-1 expression in a chronically infected human T cell 
clone. J. Immunol. 142:431-438, 1989. 

1. laactivation of c«ll-fr»« HTV-l. 

CeU-free HIV-1 stocks are derived from culture superhatants of H-i j 
huiian T cells chronically infected with the HTLV-IIIB strain of HIV- 
i. Other KIV-: strains including the MN and some African strains 
may be used later for confirmatory purposes. 

Cell-free HIV-1 (5 x 10- to 1 x 10« TCID,c/ml, or median tissue 
culture infectious dose) is either left untreated, or treated 
with RPKI 1640 culture medium, or with different 
concentrations of antivirals for various time intervals at 
37^C, cr at a temperature to be determined. After incubation, 
the" treated and untreated stocks are added to 5 x 10' washed 
and pelleted target MT-4 cells. After 1 h incubation at 3'7°C. 
the KT-4 cells are washed three times with RPMI 1604. 
resuspended in R?HI 164 0 supplemented with 15% fetal bovine 
serun-. (FB = ) . and cultured in a 5% COj humidified incubator at _ 
Zi'C. Cell viability is determined on day 7 of culture by the 
addition of the 3- (4 . 5-dimethyl-thia2ol-2-yl) -2 , 5- 
diphenyitetrazolium bromide (MTT) dye, which changes in color 
in the presence of live mitochondria. All determinations are 
done in triplicates. 

b! r^-. -f^oo .TS-Cgr; 

m addition to assessing the effects of antivirals on a lab 
strain of HIV-1 (HTLV-IIIB), it is also important to determine 
antiviral effects on a primary isolate of HIV-1 (JP.-CSF) , 
which only infects primary human peripheral mononuclear cells 
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(PBK.-s) Human PBMCs activated with phytohemagglutinin A 
(PHA Sign,a Chemical Co.) are prepared by culturing PBMCs in 
RPKl'l640 culture mediuir. supplemented with 10% FES (complete 
medium) and 2.0ug of PKA/ml for 1 day before used in 
infectivity studies. HIV-1 (JR-CSF) untreated or treated as 
above are added to PHA-activated human PBMCs and incubated for 
1 h a^ 37«'C After incubation, 1.0 ml of complete RPMI 1640 
culture medium is added to the cells. Culture superr^atants 
a^e collected on days 3, 6 and 9 of culture, and the amounts 
of HIV-1 p24 core protein are determined in triplicate by the 
HIV-1 p24 antigen capture assay (Coulter Immunology, FL, or 
NEN-DuPont, Wilmington, DE) . 

2 in^etivmtlon of c«ll-a»»oci*t«d HIV-1. 

niv-l-infected human cells to be used include the ^^^on.c.^y 
injected H-9 cells (HTLV-IIIB or MN strains), and human PBMCs 
in.ecteu r. ..u rcT HTLV-IIIB and MN infectec 

infected with HTLV-IIIB or with Jn-CSr . HxLV IxIB an 

c ce-. are available from various laboratories including 

[ll.. "cled'In the references cited above. For infected human _ 
p'bv;! 'fresh h-aman PBMCs are obtained from normal volunteers ana 
stimulated with PH... then infected with HTLV-IIIB or JK-CSF as 
described above. On day 7 after in vitro infection, infectivity is 
che-ke^ bv testing for the presence of HIV-1 p24 in the culture 
3".:-,,-,:-= infected cultures are divided in equal aliquots. One 
3e^'''; ..ested with ar.tivirals at different concentrations for 

va^-- 'ime intervals, whereas one set is left untreated. Culture 
s<4--a-ar.-.s collected on days 3 , 6 and 9 of culture will be 
assessed 'or HIV-1 p24 levels by the p24 antigen capture assay )cit. 
Ce-'-- f'- these cultures can also be used in immunofluorescence 
(IF) studies tc deterrr.ine the percentage of cells expressing HIV-1 
antigen is) . 

3. mactivation of HIV-1 lafntly iixfcfd cll.. 

These assays are designed to study the effects of -tivirals on HIX - 
1 latently infected cells. One or more of the following H.V-1 
latently infected h-^an cell lines can be used (Jl-l. Ul/HIV and 
A-v.-) obtained from the NIH AIDS Research and Reagent Reference 
Progra-T., RoOcville. MD! . These cells are characterized by HIV-1 
^...-nout significant KIV-1 viral replication unless they 
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are scinuiated with different cytokines which results in a 10 - 100 
fold increase in HIV-1 replication. Jl-1, or Ul/HIV. or ACH-2 cells 
are seeded in 96-well round-bottom tissue culture plates to give 5 x 
10- /well in RPMI 1640 supplemented with 15% fetal bovine seriim 
(FBS) . The cells are either left untreated or treated with 
different concentrations of amtivirals for various time intervals. 
Subsequent to treatment, treated and untreated cells are washed 
three times in RPMI 1640 and are stimulated as follows. 

The Jl-1 ceils are stimulated with 1000 U of a tumor necrosis factor 
(o-TNF, Genzyme) for 48 h at 37°C as previously described (Reference 

1) . 

The Ul/KIV-1 cells are stimulated with 20% - 40% PHA-culture 
supernatant (Electronucleonics ) for 48 h at 37**C (Reference 2). The 
PHA-supernaianr will either be purchased from Electronucleonics or 
will be prepared in our laboratory. To prepare PHA- supernatant . 
normal huir;ar. PBMT will be cultured at a cell density of 10* cells /ml 
in RPKI 164C- supplemented with 15% FBS and 10 pg/ml of 
phytohemagglutinir. A (PKA. Sigma Chemical Co.). The culture 
supernatant will be harvested, filtered through a 2 uir. filter and 
used to stir.ulate the Ul/KIV cells as described above. 

The ACH-2 cells will be stimulated by addition of 1.0 uM of phorbal 
12-myristate 13 acetate (PMA, Sigma Chemical Co.) for 48 h at 37®C 
as described (References 3 and 4 above) . At the end of the 
stimulation period, culture supernatants are collected and HIV-1 
expression is assessed by the HIV-1 p24 antigen capture ELISA 
(DuPont) and by the reverse transcriptase (RT) . 

In inactivaticn cf cell-associated HIV-1 experiments, the treated 
and untreated cells could also be submitted to PCR analysis. 

4. Inhibition of HIV- l-induc^d syncytixam fozmation. 

HIV-l-inf ected H-9 cells are left untreated or treated with 
antiviral as described above. Treated and untreated cells (5 x 10* 
cells/well) are added tc 96-well flat-bottom microtiter tissue 
culture plates containing 1 x 10* indicator SupTl human T cells/well 
in cor.plete F.PKI 164Q culture mediujr. . Following overnight 
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incubation at B^^C, syncytiian formation is scored by two independent 
people using an inverted microscope scope. 

5. Cytotoxicity »tu<ai«» . 

The cytotoxicity of the antivirals can be tested on a variety of 
ceil types. All of the cell lines used above and normal human PBMCs 
are incubated with different antiviral concentrations for various 
time intervals as described above. Cytotoxicity is determined by 
the KTT dye method (see above) and by' ['H] thymidine uptake and 
scintillation counting. 

The antitumor compounds {active ingredients) of this invention can 
be administered to inhibit tumors by any means that produces contact 
of the active ingredient with the agent's site of action in the body 
of a mammal . They can be adirdnistered by any conventional means 
available for use in conjunction with pharmaceuticals, either as 
individual therapeutic active ingredients or in a combination of 
therapeutic active ingredients. They can be administered alone, but 
are generally administered with a pharmaceutical carrier selected on 
the basis of the chosen route of administration and standard 
pharrr.aceutical practice. 

The dosage administered will be a tumor- inhibiting amount of active 
ingredient and will, cf course, vary depending upon known factors, 
such as the pharmacodNm-ianic characteristics of the particular active 
ingredient and its mode and route of administration; age. health and 
weight of the recipient; nature and extent of symptoms; kind of 
concurrent treatment, freg^aency of treatment 2md the effect desired. 
Usually a daily dosage (therapeutic effective amount or cancer- 
inhibiting am.cunt) of active ingredient can be about 5 to 400 
milligrams per kilogram of body weight. Ordinarily, 10 to 200, and 
preferably 10 to 5C. milligrams per kilogram per day given in 
divided doses 2 to 4 times a day or in sustained release form is 
effective to obtain desired results. 

Dosage forms (compositions) suitable for internal administration 
contain from about 1 milligram, to about 500 milligrams of active 
ingredient per unit. In these pharrriaceut ical compositions the 
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active ingredient will ordinarily be present in an amount of about 
0.C5 - 95% by weight, based on the total weight of the composition. 

The active ingredient can be administered orally in solid dosage 
forms such as capsules, tablets and powders, or in liqruid dosage 
forms such as elixirs, syrups and suspensions. It can also be 
administered parenterally , in sterile liquid dosage forms. 

Gelatin capsules contain the active ingredient and powdered carriers 
such as lactose, sucrose, mannitol, starch, cellulose derivatives, 
magnesium stearate. stearic acid, and the like. Similar diluents 
can be used to make compressed tablets. Both tablets and capsules 
can be manufactured as sustained release products to provide for 
continuous release of medication over a period of hours. Compressec 
tablets can be sugar coated or film coated to mask any unpleasant 
taste and protect the tablet from the atmosphere, or enteric coated 
for selective disintegration in the gastrointestinal tract. 

LicT-id dosage forms for oral administration can contain coloring and 
flavoring to increase patient acceptance. 

In general, water, a suitable oil, saline-, aqueous dextrose 
(glucose), and related sugar solutions and glycols such as propylene 
glyccl or polyethylene glycols are suitable carriers for parenteral 
sclutions. Solutions for parenteral administration contain, 
preferably, a water soluble salt of the active ingredient, suitable 
stabilizing agents and, if necessary, buffer substances. 
Antioxidizing agents such as sodium bisulfate. sodium sulfite or 
ascorbic acid, either alone or combined are suitable stabilizing 
agents. Also used are citric acid and its salts, and sodium EDTA. 
In addition, parenteral solutions can contain preservatives such as 
benzalkoni'jjr. chloride, methyl- or propyl -paraben and chlorobutanol . 

Suitable pharmaceutical carriers are described in Remington's 
PharTTiaceuticaJ Sciences, Mack Publishing Compciny, a standard 
reference text in this field. 

Useful pharmaceutical dosage forms for administration of the 
compounds cf this invention can be illustrated as follows. 
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Capsules: Capsules are prepared by filling standard two-piece hard 
gelatin capsulates each with 100 milligrams of powdered active 
ingredient. 175 milligrams of lactose, 24 milligrams of talc and 6 
milligrams magnesium stearate. 

Soft Gelatin Capsules: A mixture of active ingredient in soybean 
oil is prepared and injected by means of a positive displacement 
pump into gelatin to form soft gelatin capsules containing 100 
milligrams of the active. ingredient . The capsules are then washed 
and dried. 

Tablets: Tablets are prepared by conventional procedures so that 
the dosage unit is 100 milligrams of active ingredient, 0.2 
milligrams of colloidal silicon dioxide, 5 milligrams of magnesium, 
stearate, 275 milligrams of microcrystalline cellulose, 11 
milligrams of cornstarch and 98.6 m.illigrams of lactose. 
Appropriate coatings may be applied to increase palatability or to 
delay abscrpticr. . 



Injectable: A parenteral com.position suitable for administration by 
injection is prepared by stirring 1.5% by weight of active 
ingredients in 10% by volume propylene glycol and water. The 
solution is made isotonic with sodium chloride and sterilized. 



Suspension: An aq-jeous suspension is prepared for oral 
administration si that each 5 millimeters contain 100 milligrams of 
finely divided active ingredient, 200 milligrams of sodium, 
carboxymethyl cellulose, 5 milligrams of sodium benzoate, 1.0 grams 
of sorbitol solution U.S. P. and 0.025 millimeters of vanillin. 

In the present disclosure it should be understood that the specified 
materials and conditions are important in practicing the invention 
but that unspecified materials and conditions are not excluded so 
long as they do not prevent the benefits of the invention from being 
realized . 
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1. A compound of the formula : 



B 




(D 

or a pharmaceutically acceptable salt thereof, 
wherein : 

B is a naturally-occurring nucleobase (A, G. C, 
U . hypoxan thine or T) or a modified base comprising one or 
more substitutions selected from the group consisting of 
H. halogen, C1-C6 alkyl, C2-C6 alkcnyl. C1-C6 alkoxy, C3- 
C6 cycloalkyl-Cl-C6 alkoxy, C3-C8 cycloalkyloxy , C3-C8 
cycloalkylthio, C1-C6 alkylthio, a substituted amino 
group, an aryl, aralkyl. aryloxy, aralkoxy, arylthio, 
aralkylthio, a heterocyclic ring euid an amino group, 
provided that when the base is a pyrimidine, the atom at 
position 4 of the base can be sulfur and further provided 
that when the base is a purine, the atom at position 6 of 
the base may be sulfur; 

R is H, CORi, P(0)„R«R,, or SO3H (vrtierein R5 is alkyl of 1- 
5 carbon atoms or an aromatic ring structure, and R, 
are each H or alkyl of 1-5 carbon atoms and n is 2 or 3) ; 

Ri and Rj are independently halogen, mono- or di- 
difluro, 0R| or B (wherein R« is H, COR,, P(0),JlioRn 
(wherein R, is H3, substituted or unsubstituted alkyl of 
1*5 carbon atoms or a substituted or unsubstituted 
aromatic ring structure, Rj© and R^ are each H or alkyl of 
1-5 carbon atoms and m is 2 or 3)), provided that %ihen R; 
is OK, R; and B can combine to form a 5- membered cyclic 
ring structure; 
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R, and R. are independently E, H or OR;; (where Rj, is H, 
CORi>, P(0)pR,4Rji (wherein Ru is s\ibstituted or 
unsubstituted alkyl of 1-5 carbon atoms or a substituted 
or unsubstituted aromatic ring structure, R.4 and R,s are 
each H or alkyl of C1-C5 carbon atoms and p is 2 or 3 ) ) , 
provided that : 

only one of Ri-R« can be B; 

when R=H, R.=OH. R:=H, and R4=B. then B cannot 

be U, C, T, 5-FU, hypoxanthine. A or G; 

when R=H, R,=OH, R:=OH, R,=B and R,=H, then B cannot 

be C; 

when R=H. R-OK. R-OH. R,=K and R.=B, then B cannot 
be 5-FU. C, U, A or hypoxanthine; 

when R=H, R-OK, R-K, R:=B and R^^K. then B cannot 
be 5-FU, A, C, G, T, U or hypoxanthine; 

when R=K, R-H. R-H, R:=B and R,=H, then B cannot be 
A, C, G, T, U, 5-FU, or hypoxanthine; and 

when R=K. R,=K. R-H. R,=r: and R,=E, then B can not 
be A, C, G. T, U, 5-FU or hypoxanthine. 

2. A compound of Claiir. 1 wherein R, is defined as B and R. is H. 

3. A comp-and cf Claim 1 wherein R. is defined as B and R, is K. 

4 A compound of Claim 1 wherein B is a nucleobase selected from 
the group consisting of C, T, U, G, A, hypoxanthine, 6- 
thioouanine, 4-thiouracil and 5-f luorouracil . 

5. A compound of Claim 1 wherein R is H. 



6 . A compouT 
K or OK. 



nd of Claim 1 wherein R: and R, are each independently 
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7. A compound of Claim 6 wherein is OH and combines with B cc 
form a 5-membered cyclic ring. 

8. A compound of Claim 1 wherein Rj is B; B is a nucleobase 
selected from the group consisting of C, T, U, G. A, 
hypoxanthine. 6- thioguanine, 4-thiouracil and 5-f luorouracil ; 
R is H; R; and Rj are each independently H or OH; and R4=H. 

9. A compound of Claim 1 wherein R4 is B; B is a nucleobase 
selected from the group consisting of C, T, U, G, A. 
hypoxanthine, 6-thioguanine, 4-thiouracil and 5-f luorouracil ; 
R is H; R: and Rj are each independently H or OH; and R3=H 

10. The compound of Claim 1 which is selected from the group 
consisting of a-L-ribof uranosyluracil ; 1- {2 , 3 , S-tri-O-benzoyl 
a-L-ribcfuranosyl) -4-thiouracil ; c-L-ribof uranosyl-4- 
thiouracil ; 1^(3, 5-di-0-ben2cyl-2-deoxy-p-L-ribof uranosyl ) -4- 
thiouracil ; 2 ' -p-L-deoxyribcf uranosyl-4-thiouracil ; a-L- 
ribcf urar.rsyl- 5- f luorouracil : p-L-ribof uranosylguanine ; p-L- 
ribcfurancsyl-6-thioguanine ; or a pharmaceutically acceptable 
salt thereof . 

11. A pharmaceutical composition comprising a pharmaceutically 
acceptable carrier and a therapeutically effective amount of 
one cr mere of the compounds of Claim 1. 

12. A pharmaceutical composition comprising a pharmaceutically 
acceptable carrier and a therapeutically effective amount cf 
one or mere cf the compounds of Claim 10. 

13. A method cf treating cancer in a mainmal, the method comprising 
adTTLinistering to a mammal bearing a cancer, a cancer- 
inhibiting air.ount of a compound of the formula: 
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or a phannaceutically acceptable salt thereof. 

wherein: /» r r u 

i is . n.tur.lly-occurring nucUobas. (A. G, C. U. 

hvpox^thine or Tf or . modified base -'^'^'^{'^''l, 
„cre substitutions selected from the jroup consisting of 
r helogen. C1-C6 .llcyl, aU«>yl. C1-C6 .l^"^;^ 

ce cycioaixyi-ci-ce .iKoxy, =vcao.l.:y o^^.-" 

cycloelkylthio, C1-C6 elXylthic, . .ubstituted »ino 
Troup. ^ .rvl. T.ll^l. ^ryloxv- «''1>=»'^' 
.r.l.cylthio, . heterocyclic xin, „ 
provided th.t When the be., i. . pyrunldin., the .torn « 
Tosition 4 of the bese cen be .ulfur «.d f ^ ''^t 

that when the base is a purine, the atom at position 6 o. 
the base may be sulfur; 

B is H. COR. P(0)^K, or SO,K (wherein is al^l of ^-5 
carbon atoms or an aromatic ring structure. and R, are 
each H or alk>'l of 1-5 carbon atoms and r is 2 or 3) ; 

R, and R, are independently H. halogen, mono- or di- 
difluro, OR. or B (wherein R. is H. COR.. ^tO)-^^*^" 
(Wherein R, is substituted or unsubstituted al^l of 
1-5 carbon aton>^ or a substituted or unsubst.tuted 
aromatic ring structure. R» are « ^/"^^^ 

1-5 carbon atoms and » is 2 or 3) ) . provided that when R. 
is OH. R, and B can coirbine to form a S-neabered cycUc 
ring structure; 
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R, and are independently B, H or OR;, (where R;j is K. 
COR;.. P(0)pRj4Rij (wherein Rjj is substituted or 
unsubstituted alkyl of 1-5 carbon atoms or a substituted 
or unsubstituted aromatic ring structure, R^^ and R;* are 
each H or alkyl of C1-C5 carbon atoms and p is 2 or 3)) 
provided that only one of Ri-R* can be B. 

14. A method of treating cancer in a mammal, the method comprising 
administering to a mammal bearing a cancer, a cancer- 
inhibiting amount of a compoxznd of Claim 10. 

15. An anhydride derivative of a compound of Claim 1, selected 
from the group consisting of 2-amino-a-L-ribofurano 

[ 1 * . 2 ' : 4 , 5) oxazoline, and 0^, 0^-anhydro-l-a-L-ribofuramo- 

syluracil . 

16. A method cf treating cancer in a mammal, the method comprising 
ad.T.inistering to a mammal bearing a cancer, a cancer- 
inhibiting amount of a compound selected from the group 
consisting of 2-amino-o-L-ribof urano [ 1 ' , 2 ' : 4 , 5 ) oxazoline. 

0* , 0--anhydro-l-a-L-ribofuranosyluracil and 0^ 0^ -anhydro-l-c- 
L-ribcf uranosyl uracil. 
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